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Introduction
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Calcification of the vascular wall is a prognostic factor for the outcome of acute coronary syndrome (ACS).
Matrix Gla-protein system, which includes MGP, VDR, VKOR, GGCX, BMP-2 is an important factor in
vessels protection of ectopic calcification. Polymorphisms of genes, which encode the structure of these
proteins, determine their activity and may affect the intensity of calcification and the consequences of ACS.
Aim. The association between ACS and polymorphic variants of Matrix Gla-protein system genes: MGP
(rs1800802, rs1800801, rs4236), VDR (152228570, rs1544410, rs7975232, 1s731236), GGCX (rs699664),
VKORCI (1s2359612), BMP-2 (rs2273073), was analyzed. Methods. Venous blood of 118 patients with
ACS and 234 healthy individuals (control group) was used for genotyping. Polymorphisms of Matrix Gla-
protein system genes were examined by PCR-RFLP methodology. Results. The risk of ACS in carriers of
minor allele 4/4 (rs1800801) is 2.8 times higher; G/G (rs1544410) 2.1 times higher; A (rs699664) and C
(rs2359612) 2 times higher than in carriers of the major allele. The best classification model is a two-com-
ponent model that includes polymorphisms rs1800801 and rs4236 of the MGP gene (predictive ability is 63
% for MDR and 68 % for the Random forest method). The coincidence of similar orientation genotype
variants for chosen polymorphism[s] was associated with a high risk of developing ACS: in the heterozy-
gote genotype it increased by 2.1 times, and in the homozygote for the minor allele genotype, by 6.3 times.
Conclusion. There is an association between ACS and some polymorphic variants of Matrix Gla-protein
system genes: MGP (rs1800801), VDR (rs1544410), GGCX (1s699664), VKORC1 (rs2359612). This indi-
cates a higher risk of complications in the ACS patients with the following genotypes: 4/4 (rs1800801),
G/G (rs1544410), A/A (rs699664) and C/C (1s2359612).
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complications [5—7]. The matrix Gla-protein plays
an important role in the vessel protection against ec-

Vascular calcification has a pivotal role among the
factors which relate to the complications of athero-
sclerosis, including acute coronary syndrome, that
can occur either in the intima (mineralization of ath-
erosclerotic plaques) or in the middle layer of the
vascular wall (Mdnckeberg’s sclerosis) [1-4]. The
deposition of calcium phosphate crystals in arteries
structure, according to many authors, is a poor prog-
nostic factor that indicates a high probability of fatal

topic calcification; its presence in tissues prevents
initiation and spread of a pathological calcification
[8-11]. A large number of studies managed to find
the factors involved in the regulation of the MGP
gene expression, and identified possible mecha-
nisms, through which the corresponding protein re-
alizes its anti-calcification properties. It gave a rea-
son to talk of the Matrix Gla-protein functional sys-
tem that yields, except for the matrix Gla-protein,
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such factors as vitamin D receptor (VDR), the en-
zymes involved in biochemical transformations of
the matrix Gla-protein, vitamin K epoxide reductase
(VKOR) and vitamin K-dependent gamma-glutamy]l
carboxylase (GGCX), as well as potential targets for
the matrix Gla-protein, including bone morphoge-
netic protein-2 (BMP-2) (Fig. 1). The effective op-
eration of the system may depend on many factors,
including gene polymorphisms that encode corre-
sponding protein structures.

Today the connection between the different MGP
gene allelic variants and the cardiovascular diseases
(atherosclerosis, myocardial infarction, heart stro-
ke) [12—18], osteoporosis [19-20], urolithiasis [21],
tooth loss [22], plumbum intoxication [23-24] is
studied. The published data on this subject are am-
biguous and contradictory. The comprehensive stud-
ies on the role of genetic polymorphism of MGP
and related genes in the development of cardiovas-
cular diseases have not been carried out yet. There-
fore, the purpose of this study was to explore the
allele’s frequency of polymorphisms of Matrix Gla-
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protein system genes (MGP, VDR, VKORCI, GGCX,
BMP-2) in patients with acute coronary syndrome
in the Ukrainian population and to analyze the com-
plex influence of studied polymorphisms on the dis-
ease development.

Materials and methods

Study subjects

118 patients (81.7 % males and 18.0 % females) with
ACS aged between 40 and 83 (mean age 58.5 + 0.7
years) were included into the study. Participants of
the study were admitted to the hospital to the reani-
mation and intensive therapy department of National
Scientific Center «M.D. Strazhesko Institute of Car-
diology», National Medical Academy of Science,
Ukraine. Unstable angina pectoris (UAP) and acute
myocardial infarction (MI) as a final diagnosis were
established in 33.5 % and 66.5 % of patients, respec-
tively. Diagnosis of acute MI and UAP was estab-
lished on the basis of clinical, electrocardiography
and biochemical examinations according to the rec-

g-glutamylcarboxylase

Warfarin Calumenin

BMP-2

Fig. 1. The main components of the process that ensures the functioning of the matrix Gla-protein in

tissues
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ommendations of WHO experts and the recommen-
dations of European and American cardiologic soci-
eties [25-26].

The control group consisted of 234 clinically
healthy individuals. The absence of cardio-vascular
pathologies was confirmed by anamnesis, ECG ex-
amination, measurement of arterial pressure and bio-
chemical data. The group of healthy individuals and
patients with ACS differed in the ratio of men and
women (P =0.034), the average age in the first group
(66.0 £ 0.95 years) was significantly higher than in
the second group (P < 0.001) (Table 1). The signifi-
cantly higher average age in the control group con-
tributes to the reliability of selection procedure, ex-

cluding the influence of age as a risk factor for acute
coronary syndrome development.

Amplification and genotyping
Blood sampling was performed under sterile condi-
tions in 2.7 ml monovettes containing EDTA potas-
sium salt (11.7 mM) as an anticoagulant (Sarstedt,
Germany), sample were frozen and stored at —20 °C.
DNA for genotyping was extracted from the samples
using Isogene kits (Russian Federation) according
to manufacturer’s protocol. 10 polymorphisms were
studied (Table 2).

In the present study, a polymerase chain reaction
with subsequent analysis of restriction fragment

Table 1. General clinical characteristics of patients with ACS and control subjects

Control group ACS group
Parameter (n=234) (n=118) P
Sex, female/male 77/157 (32.9 % / 67.1 %) 26/92 (22 % /78 %) 0.034*
Age, years 66.0 = 0.95 55.9+0.89 <0.001
BMI (f), kg/m? 28.6+0.13 31.5+0.9 0.013
BMI (m), kg/m? 26.8 +£0.34 27.6+0.42 0.141
SBP, mm Hg 139.5+£1.5 140.8 £ 1.7 0.532
DBP, mm Hg 83.4+0.7 89.5+0.9 <0.001
Glucose, mmol/L 5.27+0.05 7.9+0.24 <0.001
Current smokers, % 60 (25.6 %) 54 (45.8 %) <0.001*
Stressful profession, % 65 (27.8 %) 49 (41.5 %) 0.009*
Note: P — for Student t-test, *P — for y>-criterion
Table 2. The studied polymorphisms of the Matrix Gla-protein system genes
Gene Polymorphism Major allele Polymorphism
ymorp J localization
MGP rs1800802 T-138C T promoter
rs1800801 G-7A G promoter
154236 Thr83Ala T exon 4
VDR 1s2228570 Fokl C exon 2
187975232 Apal C intron 8
rs1544410 Bsml A intron 8
rs731236 Taql T exon 9
VKORC1 152359612 T2255C T intron 2
GGCX 15699664 Arg325GIn G exon 8
BMP-2 152273073 Ser37Ala T exon 2
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Table 3. Details of PCR and RFLP for polymorphism analysis

Annealing PCR Restricti Fragments
Polymorphisms Primers temperature, | product size estriction after
°C/ Time, s (bp) enzymes restriction
MGP, T-138C F: 5"-AAGCATACGATGGCCAAAACTTCTGCA-3" 57/60 142 BseN1 118, 24
(rs 1800802) R: 5-GAACTAGCATTGGAACTTTTCCCAACC-3*
MGP, G-7TA F: 5"-CTAGTTCAGTGCCAACCCTTCCCCACC-3" 64.5/45 500 Ncol 240, 260
(rs 1800801) R: 5-TAGCAGCAGTAGGGAGAGAGGCTCCCA-3"
MGP, Thr83Ala F: 5"-TCAATAGGGAAGCCTGTGATG-3" 64.5/45 173 Eco471 127, 46
(rs 4236) R: 5"-AGGGGG ATACAAAATCAGGTG-3"
VDR, Fokl F: 5’-AGCTGGCCCTGGCACTGACTCTG-3" 64.5/45 267 Fokl 204, 63
(rs 2228570) R: 5"-ATGGAAACACCTTGCTTCTTCTCCCTC-3"
VDR, Bsml F: 5"-AGGGAGACGTAGCAAAAGGAG-3" 60/45 425 Bsml 232,193
(rs 1544410) R: 5"-TGTCCCCAAGGTCACAATAAC-3"
VDR, Apal F: 5"-CAGAGCATGGACAGGGAGCAA-3’ 64.5/45 501 Apal 284,217
(rs 7975232) R: 5-CACTTCGAGCACAAGGGGCGTTAGC-3"
VDR, Taql F: 5"-CAGAGCATGGACAGGGAGCAA-3" 64.5/45 501 Tagl 294, 207
(rs 731236) R: 5"-CACTTCGAGCACAAGGGGCGTTAGC-3"
GGCX, Arg325GIn | F: 5"-GGAGAAGTCTCCTAAGGGAACG-3' 65/30 384 Xmnl 216, 168
(rs 699664) R: 5"-AGTC CAGCCTTTGCTGTACACT -3
VKORC1,T2255C |F: 5-GAACAGAGAGAGGAACCAAGGGAGTGGA-3' 62.5/45 198 Ncol 172,26
(rs 2359612) R: 5-TCTGAACCATGTGTCAGCCAGGACC-3'
BMP-2, Ser37Ala | F: 5-CTCACGTCGGTCCTGTC C-3' 60/60 393 Hpy991 253,140
(rs 2273073) R: 5-CCCTGCTCCATGCCTCAC-3'
Table 4. The distribution of genotypes by the polymorphisms
of Matrix Gla-protein system genes in patients with ACS and control group
ACS group Control group
Genotype (1/1:1/2:2/2) (%) (1/1:1/2:2/2) (%) P
MGP, rs1800802 59.3:33.1:7.6 59.4:359:4.7 0.506
MGP, rs1800801 41.5:45.8:12.7 50.4:44.0:5.6 0.040
MGP, 134236 43.2:424:144 38.9:49.6:11.5 0.418
VDR, 1rs2228570 27.1:51.7:21.2 28.6:49.1:223 0.903
VDR, rs1544410 37.3:44.1:18.6 44.9:44.4:10.7 0.091
VDR, rs7975232 28.8:49.2:22 32.9:43.6:23.5 0.521
VDR, rs731236 37.3:483:14.4 44.0:46.2:9.8 0.305
GGCX, 13699664 27.1:52.5:204 35.0:52.2:12.8 0.110
VKORCI, 152359612 27.1:41.5:314 37.2:42.7:20.1 0.038
BMP-2, 12273073 50.0:32.2:17.8 453:40.2:14.5 0.327

Note: 1/1 1/2 2/2 — ratio for major allele homozygotes to heterozygotes and to homozygotes for the minor allele, P— an indicator
of the significance of differences in distribution of genotypes between the ACS group and control groups.
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length (PCR-RFLP) was used for genotyping a sin-
gle nucleotide polymorphism (Table 3). Primers
were synthesized by «Metabion» (Germany), and
enzymes (Tag-polymerase, and restriction enzyme)
from «Thermo Scientific» (USA).

PCR was performed in a thermocycler Gene Amp
PCR System 2700 («Applied Biosystems», USA).
Restriction products were separated in 2.5% agarose
gel containing etidium bromide, which formed a stable
compound with DNA fragments, visualized as stripes

in the UV-illuminated gel with the transilluminator
UVT-a Biocom (Russian Federation).

Statistical analysis

The normal distribution and homogeneity of varianc-
es were tested before further statistical analyses. The
distribution of genotypes of studied SNPs was ana-
lyzed using the Pearson's chi-square test. Statistically
significant results were presented by the correspond-
ing exact P-values. Statistical significance of differ-

Table 5. Analysis of ACS risk that depends on G-7A polymorphism genotype of MGP gene in females and males

95 % CI for 95 % CI for
Group CR SE WS OR OR lower OR higher
General 1.022 0.415 6.056 0.014 2.779 1.231 6.271
Females 1.718 0.708 5.879 0.015 5.571 1.390 22.334
Males 0.883 0.539 2.685 0.101 2418 0.841 6.954

Note: homozygotes for the minor allele (A/A) are compared with carriers of the principal allele (G/A + G/G); CR — regression

coefficient; SE — standard error; WS — Wald statistics; P — statistical significance; OR — odds ratio ; CI — confidence interval

Table 6. Analysis of ACS risk associated with variation in genes of Matrix Gla-protein system

g | Geonpe | Sl | ACS g o prase | T

MGP, rs1800802 T/T+T/C 223 (95.3) 109 (92.4) R
c/C 11 (4.7) 9 (7.6) 1.67 (0.66 — 4.16) 0.27

MGP, rs1800801 G/G+G/A 221 (94.4) 103 (87.3) R
A/A 13 (5.6) 15 (12.7) 2.48 (1.14 - 5.47) 0.02

MGP, 154236 T/T+C/C 118 (50.4) 68 (57.6) 0
T/C 116 (49.6) 50 (42.4) 0.75 (0.48 — 1.17) 0.2

VDR, 152228570 C/CH+T/T 119 (50.9) 57 (48.3) 0
C/T 115 (49.1) 61 (51.7) 1.11 (0.71 — 1.73) 0.65

VDR, 157975232 C/CH+A/A 132 (56.4) 60 (50.8) 0
C/A 102 (43.6) 58 (49.2) 1.25 (0.8 — 1.95) 0.32

VDR, rs1544410 A/A+A/G 209 (89.3) 95 (80.5) R
G/G 25 (10.7) 23(19.5) 2.02 (1.09 — 3.75) 0.02

VDR, 15731236 /T — — A
2C/CHT/C — — 1.29 (0.93 — 1.8) 0.13

VKORC], 152359612 T/T — — A
2C/C+T/C — — 1.46 (1.09 — 1.97) 0.01

GGCX, 13699664 G/G — — A
2A/A+ G/A — — 1.43 (1.03 - 2) 0.03

BMP-2, 152273073 T/T+ G/G 140 (59.8) 80 (67.8) 0
T/G 94 (40.2) 38(32.2) 0.71 (0.44 - 1.12) 0.15

Note: O — the best inheritance model is overdominant, R — the best inheritance model is recessive, A — the best inheritance model is

additive. *— the best model has been chosen with the help of AIC (Akaike Information Criteria).
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ence in probability estimates was checked by Stu-
dent’s t-test. In order to predict the risk of acute coro-
nary syndrome the logistic regression was used. The
differences were considered statistically significant
by P-value < 0.05. Selection of the main complication
predictors of atherosclerosis among the studied poly-
morphisms was performed with «Random Forest» al-
gorithm [27-29]. Finally, MDR method (multifactor
dimensionality reduction) was used for the detection
and characterization of interactions between genes
[30]. Statistical analyses were performed using the
Statistical Package for Social Science program (SPSS
for Windows, version 17.0, SPSS Inc., Chicago, IL.)

Results and Discussion

Genotyping patients with ACS for ten sites of the
Matrix Gla-protein system genes and comparison of
the data with the results of the restriction analysis in
the control group allowed determining the frequency
of some variants of these genes (Table 4).

There was a statistically significant difference in
distribution of alleles in patients with ACS and healthy
individuals only for rs1800801 of MGP gene (P =
= 0.040) and for rs2359612 of VKORCI gene (P =
= 0.038). By this means, there was a link between
these polymorphisms and the development of ACS.
Using a logistic regression confirmed this conclusion:
females of A/A genotype (rs1800801) had 5.6 times
higher risk to suffer from ACS than carriers of the ma-
jor allele (G/A + G/G) (Table 5).

To identify a possible association of genetic mar-
kers of the disease risk there were used convention-
al statistical models (codominant, dominant, over-
dominant, recessive, additive). The best model for
each polymorphism was characterized by the low-
est Akaike information criterion. The association of
SNPs (rs1800801 of MGP gene, rs 1544410 of VDR
gene, 1s2355612 of VKORCI gene, rs 699664 of
GGCX gene) with ACS was proven (Table 6).

Similar studies in this area are limited and contra-
dictory. For example, the connection between six
variants of the MGP gene and the development of
myocardial infarction (MI) was analyzed in ECTIM
Study (ECTIM Study, Northern Ireland, and France)
[16]. It was shown that allele and genotype frequen-
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Fig. 2. Predictors of ACS in terms of their value («Random Fo-
rest» method)
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Fig. 3. Results of «noise filter» method. Important predictors are
placed to the right of the dotted line

cies were the same for all SNP types in MI patients
and in the control group. Only in one subgroup,
where patients and control subjects were divided
into groups of high and low risk of coronary heart
disease, it was found that the frequency of minor al-
leles (=7A and 83G) in MI patients with low-risk
factors was higher than in the corresponding control
subgroup. Ortlepp et al. determined an association
between the G/G genotype of VDR gene Bsml poly-
morphism and the risk of myocardial infarction in
patients under the age of 65 [31]. The contradictory
data were obtained by Shanker et al. [32] and Pan et
al. [33] — they detected no association between
polymorphic variants and haplotypes of the VDR
gene and the development of coronary heart disease.
Porojan et al. examined the relation of VKORCI al-
lelic polymorphisms with atherosclerosis and calci-
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G-7A
1 2 3

Thr83Ala

Fig. 4. Display the combination of rs1800801 and rs4236 geno-
types associated with high- and low-risk ACS. Left column
within each cell represents the number of cases, right column —
the number of controls. Dark gray cells correspond to high risk,
and light-gray — low risk of ACS

fication. The authors found that a polymorphism of
the first intron of the C1173T VKORC1 gene was as-
sociated with calcification of the blood vessels and
was an important genetic factor in the development
of atherosclerosis [34]. Wang et al., studying the dis-
tribution of the VKORCI T2255C polymorphism,
found that the presence of the C allele more than
twice increased the risk of coronary heart disease
and stroke, and more than three times — the risk of
aortic dissection [35]. Nevertheless, Hindorff et al.,
who studied the association of VKORC1 gene poly-
morphisms, including T2255C, with the develop-
ment of myocardial infarction and other cardiovas-
cular diseases, showed that none of the studied SNPs
were associated with the development of diseases of
heart and blood vessels [36].

The next step was to study the combined effects of
polymorphisms of the Matrix Gla-protein system genes
and to clarify their common contribution to the devel-
opment of ACS. A similar analysis made it possible to
identify the most informative combinations of poly-
morphic loci; in case of its combined effect they had a
pivotal role in development of ACS. Random forest
was the method of first choice in the algorithm of data
analysis. It allowed ranking all the studied polymor-
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phisms (predictors) according to their importance level
(degree of contribution to the development of ACS and
the ability to predict the risk of its occurrence). Ac-
cording to this method, rs1800801 of the MGP gene
was the most important among all predictors (Fig. 2).

The method of selection of the most significant pre-
dictors, proposed by C. Strobl, was used to improve
the classification model [29]. This method is based on
the principle that randomization importance of the
risk factors which have a minor impact on the risk of
disease, hovers around zero. According to this meth-
od, the absolute value is taken as the factor with the
lowest value of randomization and this value becomes
a threshold and reference for the vertical line, as all
significant predictors have to cross this limit (Fig. 3).
Polymorphism rs1800801 of the MGP gene was con-
firmed to be the most significant predictor of ACS like
in the previous analysis. Only the polymorphic vari-
ants located to the right of the dotted line were se-
lected for further study. The classification model with
75 % predictive ability in training sample and 68 % —
in testing sample was designed on this basis.

Simulation of intergenic interaction of studied
polymorphisms implemented by Multifactorial Di-
mensionality Reduction (MDR) allowed selection of
the most pathogenic combinations of polymorphic
loci significant for ACS.

Two-loci pattern of rs1800801 and rs4236 was sta-
tistically significant. It had 63 % classification ability
with 8/10 cross-validation consistency. MDR meth-
od eliminated some of those predictors that were
identified by the «noise filtering», whereas the pre-
dictive ability of the model decreased by only 4 %.
The combination of polymorphisms rs1800801 and
154236 of the MGP gene is reflected in Fig. 4. It was
found that the coincidence of both SNP genotypes is
associated with the increased risk of ACS. Attention
is drawn to the fact that even the coincidence of two
homozygotes for the major allele leads to a signifi-
cant increase of the risk of ACS. It was found by
means of MDR that the largest proportion of entropy
(the biggest independent effect) with connection to
the status of «case-control» was associated with rs1
800801 and rs2359612 loci and was 1.26 %, 1.33 %,
respectively (Fig. 5). At the same time an analysis of
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Fig. 5. Diagram of cluster analysis of intergenic interaction results by MDR simulation in ACS group. Synergistic interaction is
marked by a bold line, and lack of interaction is marked by a thin line

intergenic interactions revealed that the greatest phe-
notypic entropy was accounted for the interaction of
rs1800801 & rs4236 loci and it amounted to 8 %. It
showed a pronounced synergistic effect for both
SNPs and once again proved that rs1800801 was the
most important predictor of ACS. The synergy was
also observed between polymorphisms rs731236
and rs1544410 of VDR gene (5.66 %), although they

were not included in the composition of the most in-
formative classification model.

All other polymorphisms showed mainly indepen-
dent effects. Finally, we applied permutation (ran-
domized) tests, which showed that the two-compo-
nent model was statistically significant at p < 0.05.

In order to confirm our MDR results, the interac-
tion between polymorphisms rs1800801 and rs4236

Table 7. Analysis of ACS risk, that depends on the polymorphisms rs4236 and rs1800801of MGP gene

Genotype 95 % CI for 95 % CI for
combination CR SE WS P OR OR lower OR higher
T/C & G/A 0.744 0.251 8.820 0.003 2.105 1.288 3.441
T/C & A/A 0.820 1.091 0.564 0.453 0.440 0.052 3.741
C/C & G/A 1.108 0.766 2.089 0.148 0.330 0.074 1.483
C/IC & A/A 1.847 0.555 11.082 0.001 6.343 2.138 18.821

Note: The comparison was carried out among homozygotes for the major allele; CR — regression coefficient; SE — standard error;
WS — Wald statistics; P — statistical significance; OR — odds ratio; CI — confidence interval.
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Fig. 6. Graphic representation of the relationship between sen-
sitivity and specificity using ROC-curve

of'the MGP gene was modeled, using the binary logis-
tic regression (Table 7). Analysis of the results showed
that two heterozygotes and two homozygotes for the
minor allele and homozygous for the major allele gen-
otypes were associated with the risk of disease.
Heterozygote genotype was associated with the in-
creased risk of disease by 2.1 times and homozygote
for the minor allele genotype — by 6.3 times.

Analyzing the ROC-curve that describes the link
between the sensitivity and specificity of the model,
we found out that the area under the curve (AUC) is
63 %, which proves satisfactory prognostic signifi-
cance of the created model (Fig. 6).

To answer the question why MDR method chose
two-component model as the best one, though Random
Forest showed a greater number of predictors, the mod-
el was constructed once again using the Random Forest
method that contained only polymorphisms rs1800801
and rs4236 of the MGP gene. The predictive ability of
the model did not change. We had the same 68 % pre-
dictive ability while analyzing all ten loci. It was the
evidence that the rs1800801 and rs4236 loci were in-
deed statistically significant. All other predictors to the
right of the dotted line — were important, but did not
reach the level of statistical significance to affect con-
siderably the ability of classification models.
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Conclusions

There is a connection between ACS and polymor-
phic variants of the genes: MGP (rs1800801), VDR
(rs1544410), GGCX (1s699664) and VKORCI (rs23
59612). The risk of ACS in carriers of the minor allele
A/A (rs1800801) is 2.8 times higher; G/G (rs1544410)
2.1 times higher; A (rs699664) and C (1s2359612) twice
higher than in the carriers of the major allele. The best
classification model is a two-component model that in-
cludes polymorphisms rs1800801 and rs4236 of the
MGP gene (predictive ability is 63 % for MDR and 68
% for the Random forest method). The coincidence of
similar orientation genotypes variants for chosen poly-
morphism was associated with the high risk of ACS: in
heterozygotes it increased by 2.1 times, and homozy-
gotes for the minor allele — by 6.3 times.
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B. 0. I'apOy3oBa, /1. A. Crpoii,
B. €. locenko, O. A. Obyxosa, O. B. Araman

Acouianis anegbHHUX noxiMopdgizMiB reHis cucremu
MaTpukcHoro Gla-nporeiny 3 rocTpuM KOpOHaApHUM
CHH/IPOMOM B YKpaiHChbKiii momysuii

Kanpuudikariis cynuHHOI CTIHKH € HECHPHATIMBAM MPOTHOCTHY-
HUM (HaKTOpOM (haTajbHUX HACIIKIB TOCTPOrO KOPOHAPHOTO CHH-
npomy (I'KC). BaxxmBrum 3aXuCHUM (haKTOPOM CYIHH BiJl €KTOITIY-
Hol Kanpmudikamii € cucrema MarpukcHoro Gla-mporeiny, ska
Bkmoyae MGP, VDR, VKOR, GGCX, BMP-2. [Tomimopdizm re-
HiB, 5IKi KOIYIOTb CTPYKTYPY JaHHX OUIKiB, BU3HAYAE iX aKTHBHICTH
i MOXKJIMBO BILTHBA€ HA IHTCHCHBHICTh KATBIU(DUKAIINK 1 HACITIIKA
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I'KC. Merta. IIpoananisysaru 3B'130k Mk ['KC i monimoppuimMu
Bapiantamu TeHiB: MGP (rs1800802, rs1800801, rs4236), VDR
(rs2228570, rs1544410, rs7975232, 15731236), GGCX (rs699664),
VKORCI (rs2359612), BMP-2 (rs 2273073). Metonu. [[yis reHoTH-
MyBaHHs1 Oy/a BUKOpUCTaHa BeHo3Ha kpoB 118 marienti 3 I'KC i
234 310poBUX 1HAMBITYYMIB (KOHTpOIBHA Ipyna). BusHadenus mo-
TiMop¢i3My TeHIB cucTeMr MaTpukcHOro Gla-mpoTeiHy mpoBOIHITI
3a JIOTIOMOTOI0 METOAY MOJiMepasHol JIaHIIFOroBol peakiii 3 Ha-
CTYITHHM QHAJIi30M JIOBKUHH PECTPHUKIIHHNX (parMeHTiB Ipu BU-
SIBIICHHI 1X IIISIXOM eJIeKTpodopesy B arapo3HoMy reii. Pe3yibra-
. Prsuk ['KC y HociiB MinopHOTO amtens A/A (rs1800801) B 2,8
pasu; G/G (rs1544410) B 2,1 pasu; A (15699664) i C (rs2359612) B 2
pasu BHILE, HIX Y HOCITB OCHOBHOTO ajuiens. Kparroro kinacudika-
II{HOT MOJIEJUTIO € JBOKOMIIOHEHTHA MOJIEIb, SIKa BKIIIOYAE B cebe
nonimMopdHi BapiaaTH (rs1800801, rs4236) rena MGP (mporHoc-
THYHA 37aTHICTB 63 % 3a MeTonoM MDR 168 % 3a MmeToiom Random
forest). 36ir B ofHieT 0coOM MOIOHNX 3a CIIPSIMOBAHICTIO BapiaHTIB
TEHOTHIIIB 32 3a3HA4eHNMH MOIMOP(}i3MaMH acoOIIIOETHCS 31 301Tb-
mrerHsiM pusuky ['KC: y rereposuror 3a oboma momiMopghizMaMu
BiH miJBHUIIy€eThCs y 2,1 pa3a, a B TOMO3UIOT 32 MiHOPHUMU aJlejisi-
MH — y 6,3 pasa. BucHoBkm. Icuye 38’30k Mk OKC i neskumu
HoTiMOp(HIME BapiaHTaMH TeHIB cucteMu MarpukcHoro Gla-mipo-
teiny: MGP (rs1800801), VDR (rs1544410), GGCX (rs699664),
VKORCI (rs2359612). 1le cBiquuTh Mpo BEIHKUN PU3MK YCKIIA/-
HeHb y narienTiB 3 ['KC, ski manu rerotunu A/A (rs1800801), G/G
(rs1544410), A/A (rs 699664) and C/C (1s2359612).

KnwuoBi ciaoBa: roctpuii KOpOHaApHUK CHHIPOM, alleib-
HHX nosimMopdi3m, Marpukchuii Gla-mporein.

B. 0. I'ap6y3oBa, /1. A. Ctpoi,
B. E. Jlocenko, O. A. OGyxoBa, A. B. Ataman

Acconuanust aJureJIbHbIX l'lO.]'IPlMOp(l)I/BMOB Ir'¢HOB
CUCTEMBI MATPUKCHOI'O Gla-npOTenHa € OCTPBIM KOPOHAPHBIM
CUHAPOMOM B praﬂHCKOﬁ nmomyJjasiiuu

Kanbrmgpukanms cocymucToi CTEHKU SIBISCTCS HEOMaronpusITHBIM
MPOrHOCTUYECKUM (PaKTOpPOM (haTaabHBIX MOCIEICTBHIL OCTPOIO KO-
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ponapnoro cunpoma (OKC). BaxHbIM 3aIIUTHBIM (haKTOPOM COCY-
JIOB OT SKTOMIYECKON KaTbIH(HKAIINH SBISECTCS CHCTEMA MATPHKC-
Horo Gla-npotenta, kotopast Bktodaer MGP, VDR, VKOR, GGCX,
BMP-2. TTommopdnsm reHoB, KOTOpbIe KOIUPYIOT CTPYKTYpY JaH-
HBIX OEJIKOB, OMpEJENsIeT X aKTMBHOCTb M BO3MOXKHO BIIHMSIET Ha
MHTEHCHBHOCTD Kastbimdukarmu u ucxon OKC. Henb. [Tpoanamu-
3upoBark cBs3b Mexay OKC n mommMophHbIME BApHaHTaMH T€HOB:
MGP (rs1800802, rs1800801, rs4236), VDR (rs2228570, rs1544410,
157975232, 157 31236), GGCX (1s699664), VKORC]I (1s2359612),
BMP-2 (rs2273 073). Metoabl. [l reHOTUIIMPOBaHUS OblIa HC-
0JIb30BaHa BeHO3Hast kpoBb 118 narenTtos ¢ OKC u 234 310poBbIx
MHIUBHAYYMOB (KOHTpOJNBHAs Tpymma). OmnpeneneHue MOIUMOp-
¢u3ma reHoB cucteMbl MarprukcHoro Gla-npoTerHa mpoBOIIIH ©
TIOMOIITEI0 METOZia TONMMMEpPa3HON LEMHOH PEeaKiUyl ¢ MOCIeIyIo-
MM aQHAIM30M [UTHHBI PECTPHKLIMOHHBIX (DPArMEHTOB MPH BBISBIIC-
HHH UX ITyTeM 2JIeKTpogope3a B arapo3HoM rese. Pe3ysbrarsl. Prck
OKC y Hocureneit munopHoro amiens A/A (rs180 0801) B 2,8 pasa;
G/G (1s1544410) B 2,1 paza; A (1s699664) u C (1s2359612) B 2 pasa
BBIIIIE, YEM Y HOCHTENEeH OCHOBHOTO aymtens. Jlydmmeit kinaccuduka-
LIMOHHOI MOJICIIBIO SIBIISICTCS IByXKOMIIOHEHTHAsI MOJIEIIb, KOTOpast
BKJTEOUaeT noymmopgHsle BapuaHTsl (rs1800801, rs4236) rena MGP
(mporHocTHYecKast criocoOHOCTh 63 % mo Metomy MDR n 68 % mo
metony Random forest). CoBrnajicHue y OTHOTO TAIMEHTA CXOITHBIX
TI0 HANPABICHHOCTH BAPUAHTOB I'€HOTHIIA IO YKa3aHHBIM MOJIMOp-
¢u3mam acconpmpyercs ¢ yBenueHneM prcka OKC: y rereposuror
110 000HM TTOIMMOP(HH3M OH TOBBIMIACTCS B 2,1 pasa, a y TOMO3UTOT
10 MUHOPHBIM ainiessiM — B 6,3 pas3a. BeiBoabl. CylecTByeT CBs3b
Mexay OKC 1 HekoTopbIMU MOMMMOPGHBIME BapHaHTAMH TEHOB
cuctembl MarpukcHoro Gla-nporenna: MGP (rs1800801), VDR
(rs1544410), GGCX (rs699 664), VKORCI (rs2359612). D10 cBuIe-
TEJIECTBYET O OOJBIIOM PHUCKe OcokHeHHH y marmeHToB ¢ OKC,
KoTopbie nMetoT reHotribl A/A (rs1800801), G/G (rs1544410), A/A
(rs699664) and C/C (152359612).

KnwueBble cJ0Ba: OCTpblil KOPOHAPHBIN CHHIPOM, alie-
JBHBIA OAMOp(H3M, MaTpuKcHBIN Gla-poTenH.
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